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REMARKS 

Favorable reconsideration of this application is respectfully requested. 

A replacement Figure 10 is submitted herevsdth to address the outstanding objection to 
the drawings. In the replacement Figure 10 the lead line from element 5 is directed to the 
proper element. The submission of replacement Figure 10 is believed to address the 
outstanding objection to the drawings. 

Claim 7 is amended by the present response to address the objection noted in 
paragraph 3 of the Office Action. 

Claims 7 and 1 1-19 are pending in this application. Claim 8 is canceled by the 
present response without prejudice and new claims 15-19 are presented herein for 
examination. Claims 7, 8, and 1 1-14 were rejected under 35 U.S.C. § 103(a) as unpatentable 
over U.S. patent 5,821,580 to Kuwahara . 

Addressing now the above-noted rejection of claims 7, 8, and 1 1-14 under 35 U.S.C. 
§ 103(a) as unpatentable over Kuwahara , that rejection is traversed by the present response. 

It is initially noted that each of independent claims 7 and 12 is amended by the present 
response to make minor clarifications therein. 

With respect to independent claim 7, applicants note that independent claim 7 
positively recites "a plurality of trenches arranged substantially in parallel throughout said 
semiconductor substrate and each recessed at a first distance (L5) and a second distance (L6) 
alternately.,,''^ (emphasis added). Such a feature is believed to distinguish over the applied art 
as the condition that L5 and L6 are altemately arranged means that L5 and L6 are arranged 
such as L5-L6-L5-L6. 

In contrast, according to Kuwahara, if an end cell of the current sense cells and 
another end cell of the main cells are considered as a set of trench gates, there is disclosed 
only the relation of L6-L5-L6, which differs from the above-noted feature. 
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It is also noted that each of independent claims 7 and 12 requires specific features 

with respect to the depth or extent of the trenches, in the last paragraph recited therein. Such 

features also distinguish over the applied art Kuwahara . Specifically, independent claim 7 

positively recites: 

wherein the predetermined depth of the trench is set to such an extent 
that a depletion layer formed extending from a tip of said trench gate electrode 
at a voltage lower than that which generates breakdown when a forward 
voltage is applied, fuses with a depletion layer formed extending fi-om a 
junction area between said N-type base layer and said P-type hasQ layer to 
which said trench gate electrode is viscinal and such that a curvature of said 
depletion layer at the tip of said trench gate electrode is relieved. 

Independent claim 12 recites similar features. 

With respect to the above-noted features, the outstanding Office Action takes the 
position that such features are inherent in Kuwahara . The outstanding Office Action 
specifically states "[t]his feature is inherent in Kuwahara' s device because in Kuwahara' s 
device lower ends of the trenches is extending to a depth extending from the surface of the 
semiconductor substrate to an upper of said n-type base layer".' 

Applicants respectfully submit that the above-noted beisis is improper and that such 
features as noted in independent claims 7 and 12 are not inherent in Kuwahara . 

Applicants submit that it is known that a depth of a trench where a trench gate is 
formed can be greater than a predetermined depth, and when a forward voltage is applied at 
some voltage Vb during raising the voltage from 0 volt to a rated voltage, a local breakdown 
will occur at an area where the curvature of the depletion layer from the tip of the trench gate 
takes a maximum value. Such a breakdown is an obstacle to maintaining a sufficient 
withstand voltage of the device. 

However, according to the claimed invention, the depth of the trench is set to such an 
extent that a depletion layer formed extending from a tip of the trench gate electrode at a 

' Office Action of July 30, 2003, page 4, lines 17-20. 
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voltage lower than the voltage Vb fuses with the depletion layer formed extending from a 
junction area between the N-type base layer and the P-type base layer. Once the depletion 
layer fuses at the voltage lower than the voltage Vb, since the curvature at the tip of the 
depletion layer extending from the tip of the trench gate electrode is relieved, no breakdown 
will occur at the tip of the trench gate electrode until the voltage reaches the rated voltage. 

In contrast to the claimed invention, in Kuwahara the lower ends of the trenches 
extend to a depth extending to the n-type base layer. As a result, in Kuwahara the above- 
noted relation would not be obtained as the structure of Kuwahara will invite a lower 
withstand voltage of the device. 

In such ways, each of independent claims 7 and 12, and the claims dependent 
therefrom, patentably distinguish over Kuwahara . 

The present response also sets forth new claims 15-19 for examination. New claims 
15-19 are deemed to be self-evident from the original disclosure, and thus are not deemed to 
raise any issues of new matter. Further, new claims 15-19 are believed to be allowable for 
similar reasons as noted above £is those new claims recite similar features as in claims 7 and 
12 noted above. It is also noted that new claims 15-19 indicate that an emitter electrode is 
common to a plurality of emitter regions, which also distinguishes over Kuwahara . 
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As no other issues are pending in this application, it is respectfully submitted that the 

present application is now in condition for allowance, and it is hereby respectfully requested 

that this case be passed to issue. 



Respectfully submitted. 
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